Background
==========

Root canal treatment is considered an essential element in the dental services provided to the population in developed countries. Various investigations were, therefore, carried out to explore the standard of root canal treatment carried out by general dental practitioners in Europe \[[@B1]-[@B3]\].

It is the responsibility of the academics and dental schools to prepare their students to adopt the guidelines and recommended standards in root canal debridement, shaping and obturation \[[@B4],[@B5]\]. Several studies have revealed that the majority of dentists do not comply with the formulated guidelines on the quality of root canal treatment \[[@B1]-[@B3],[@B6]\]. These studies investigated the attitude of dentists in Western countries such as Germany \[[@B1]\], UK \[[@B2]\], Belgium \[[@B3]\] and the USA \[[@B6]\]. On the other hand, few studies have investigated the attitude of general dental practitioners toward various aspects of endodontic treatment in developing countries \[[@B7]-[@B9]\].

The majority of endodontic treatment in Jordan is provided by the general dental practitioners due to absence of specialists in endodontics and to the lack of postgraduate programs in Jordan. The purpose of the current study was, therefore, to investigate the attitude of dentists toward endodontic treatment and to explore the materials and methods employed by general dental practitioners in North Jordan and to compare these findings with well-acknowledged international academic standards.

Methods
=======

A postal survey of general dental practitioners in Jordan was carried out to investigate common materials and methods employed in root canal treatment. A questionnaire was developed and piloted by sending it to 20 general dental practitioners. According to the replies, the questionnaire was modified. Few questions were added and others were reworded. Additionally, the questionnaire was provided in Arabic and English language. The finally modified questionnaire was posted to all registered general dental practitioners (n = 181) listed in the records of the Jordanian Dental Association and working in private practices in Irbid Governate in North Jordan, \'Questionnaire \[see [Additional file 1](#S1){ref-type="supplementary-material"}\]\'. The questionnaire consisted of 28 questions concerning different aspects of endodontic treatment including the provision of molar endodontics, root canal therapy stages, materials, the choice of instruments, the use of rubber dam and isolation methods, number of appointments, number of radiographs taken throughout the treatment, the use of canal irrigants, the use of intracanal medicaments, the choice of obturation technique, temporary and permanent coronal restoration, and case monitoring and follow-up. There was a space made available in the questionnaire for free comments of respondents. The questionnaire was accompanied by an explanatory covering letter.

To investigate the influence of the years of practical experience on the materials and techniques employed, the sample was divided into groups based on the years of professional experience: group 1, up to 5 years; group 2, 6--10 years; group 3, 11--15 years; group 4, 16--20 years, and group 5, more than 20 years. The collected data were entered into a personal computer and analyzed using the statistical package SPSS. Simple descriptive statistics were used together with Chi-square (χ^2^) test. The chosen level of significance was set at *P*\< 0.05. Unanswered questions were treated as missing values.

Results
=======

Of the 181 questionnaires distributed, 131 completed replies were received, which is a 72% response rate. The high response rate ensured that this study was representative for the general dental practitioners in North Jordan.

All the respondents performed endodontic treatment including molar teeth. However, none of the dentists reported that they would refer patients for a specialised endodontist opinion except cases, which were difficult or did not respond to initial treatment provided.

The distribution of the repondents according to the years of professional experience is shown in Table [1](#T1){ref-type="table"}. Years in practice were not evenly distributed amongst the total respondents. The number of the first two groups (0--5 and 6--10) consisted of more than half the total respondents due to the significant increase in the number of graduates in the last 10 years. Seventy four percent of the respondents were males, 26% were females. These findings are consistent with the statistics obtained from the Jordanian Dental Association. In the current study, no statistically significant differences were found between the different periods of professional experience and any of the materials, instruments or techniques employed (*P*\> 0.05).

###### 

Data related to professional experience of the respondents.

  ***Years of Professional experience***   Frequency   Percentage %
  ---------------------------------------- ----------- --------------
  0--5                                     43          32.8
  6--10                                    28          21.4
  11--15                                   26          19.8
  16--20                                   20          15.3
  \>20                                     14          10.7

Table [2](#T2){ref-type="table"} shows the hand instruments used for preparation of the root canal. K-files were the most popular instruments. Root canal preparation was performed using K-files solely (30.5%) or in combination with other instruments (93.1%). Only one practitioner reported using engine-driven instruments (Profile, Dentsply Maillefer, ballaigues, Switzerland).

###### 

The choice of root-canal preparation techniques and instruments

  ***Root canal preparation techniques***   ***Root canal instrument***                                                     
  ----------------------------------------- ----------------------------- ------ ------------------------------ ----------- ------
  Technique                                 Frequency                     \%     Instrument                     Frequency   \%
                                                                                                                            
  Filing (push-pull)                        36                            27.5   File                           40          30.5
  Step back                                 69                            52.7   Reamer                         3           0.2
  Step down                                 26                            19.8   Hedström file                  6           4.6
                                                                                 File + hedström file           30          22.9
                                                                                 File + reamer                  20          15.3
                                                                                 File, reamer + hedström file   32          24.4

The majority of dentists instrumented the canal using the step back technique. The next most popular preparation technique was the filing (push-pull) technique followed by the step down technique (Table [2](#T2){ref-type="table"}).

The vast majority used gutta-percha points as their priniciple root filling material (87.8%), whilst 12.2% reported using only paste or cement to obturate the canal. Cold lateral compaction was the most common obturation technique (Table [3](#T3){ref-type="table"}). The majority of dentists reported the use of a zinc oxide based sealer with the gutta-percha points (72.5%) followed by a calcium hydroxide based sealer, Sealapex (13.7%) (Table [3](#T3){ref-type="table"}). Few dentists (n = 8) used the sealer Endomethasone as a paste root canal filling.

###### 

The choice of obturation technique and type of sealer.

  ***Root canal obturation techniques***   ***Type of sealer***                                           
  ---------------------------------------- ---------------------- ------ -------------------- ----------- ------
  Technique                                Frequency              \%     Type of material     Frequency   \%
                                                                                                          
  Single cone                              41                     31.3   Zinc oxide-eugenol   95          72.5
  Lateral condensation                     61                     46.6   Sealapex             18          13.7
  Vertical condensation                    13                     9.9    Endomethason         10          7.6
  Cement only                              16                     12.2   Other                8           6.2

Intracanal medication was used by 63% of the respondents. The most common material used was tricresol formalin followed by calcium hydroxide. Other formulations were also used (Table [4](#T4){ref-type="table"}).

###### 

The frequency and percentages of intracanal medications used.

  ***Type of product***   Frequency   Percentage %
  ----------------------- ----------- --------------
  Calcium hydroxide       15          11.5
  Formaldehyde            6           4.6
  Tricresol formaline     45          34.4
  Dexamethasone           1           0.8
  Iodophorm               5           3.8
  CMCP \*                 2           1.5
  Other                   8           6.1
  None                    49          37

\* Camphorated monochlorophenol

Sodium hypochlorite and hydrogen peroxide solutions were used equally as an irrigating solutions. The most popular concentration of sodium hypochlorite was 3% which was used by 14.5% (n = 19) of the repondents, with only 2.3% (n = 3) using a 0.5% concentration. The most commonly used concentration of hydrogen peroxide was 3%, which was used by 21.4% (n = 28) of the respondents. The remainder used either normal saline or local anesthetic solutions (Table [5](#T5){ref-type="table"}).

###### 

Data related to the choice of root-canal irrigants.

  --------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Root-canal irrigants used   Concentration of NaOCl used   Concentration of H~2~O~2~used\                                                                            
  --------------------------- ----------------------------- -------------------------------- ------------------- ----------- ------ --------------------- ----------- ------
  Type                        Frequency                     \%                               Concentration (%)   Frequency   \%     Concentration (%)     Frequency   \%

                                                                                                                                                                      

  Sodium hypochlorite         43                            32.8                             0.5                 3           2.3    1                     2           1.5

  Normal saline               32                            24.4                             1                   3           2.3    2                     2           1.5

  Hydrogen peroxide           44                            33.6                             2                   8           6.1    3                     28          21.4

  Local anesthetic solution   2                             1.5                              3                   19          14.5   4                     2           1.5

  None                        10                            7.6                              5                   3           2.3    6                     10          7.6

                                                                                             6                   5           3.8    Do not use H~2~O~2~   87          66.4

                                                                                             Do not use NaOCl    88          67.2                                     
  --------------------------------------------------------------------------------------------------------------------------------------------------------------------------

None of the dentists reported using rubber dam routinely to isolate the field of operation during root canal therapy. However, only five dentists reported using rubber dam occasionally but not as a routine practice. The majority of the general dental practitioners used cotton rolls solely (n = 68) or cotton rolls in combination with a high volume saliva ejector (n = 116) to reduce contamination with saliva (Figure [1](#F1){ref-type="fig"}).

![The number of dentists using different isolation methods.](1472-6831-4-1-1){#F1}

The number of visits required to complete root canal treatment related to the number of root canals in a tooth is shown in Figure [2](#F2){ref-type="fig"}. It demonstrates that general dental practitioners complete root canal treatment in more than two visits for teeth with two or more root canals. However, half the respondents (49.7%) reported completing root canal treatment for teeth with single root canal in two visits.

![The number of visits according to the number of root canals per tooth.](1472-6831-4-1-2){#F2}

Twenty seven percent of the practitioners took 3 radiographs for routine root canal treatment. 22.9% took only 2 radiographs. However, 23% reported taking only one preoperative radiograph with 4% taking only one radiograph for determining the working length. The remaining 22.9% of respondents undertook root canal treatment without taking any radiograph.

Only 14.5% of the respondents reported monitoring the root treated tooth radiographically after a period of 6 months. However, many of them mentioned that they would take a follow-up radiograph only if patients could afford to pay for it. The remainder indicated that they do not monitor their patients mostly for financial reasons and that patients would not return for follow-up appointment unless they have postoperative symptoms.

Zinc oxide eugenol cement was the most commonly placed temporary filling (92%). All dentists reported using amalgam for posterior teeth and composite for anterior teeth as a permanent coronal restorative material. All practitioners completed the restorations themselves. Sixty four percent of the respondents preferred to wait from 1 to 2 weeks after obturation before placing the permanent coronal filling, whilst the remainder placed the restoration immediately after completion of the treatment.

Discussion
==========

The response rate was 72%. It was higher than in many previous surveys conducted in Western countries with better communication infrastructure \[[@B2],[@B7],[@B10],[@B11]\].

The vast majority of the respondents did not practice single visit root canal treatment. This finding was in agreement with the results of a previous study undertaken in another developing country, Sudan \[[@B9]\]. However, a study from the US \[[@B12]\] demonstrated a clear inclination to single visit endodontics, especially in cases without apical periodontitis. Single visit treatment appears to have gained more popularity and an increased credibility in the pre-clinical endodontic teaching in America and Europe \[[@B4]\]. Another survey \[[@B3]\], showed that a high percentage of Flemish dentists performed single visit root canal treatment. Multiple visit endodontic treatment could be a direct result of lacking adequate clinical time to complete the treatment in a single visit. The dentists may prefer to wait till the complete subsidence of pain and other symptoms before obturating the canal system. Another possible explanation could be that the initial visit was spent for treating the pain and acute symptoms \[[@B3]\].

Although the application of rubber dam is always recommended as a standard during root canal treatment procedure to provide isolation, protection and improve visual access, only five dentists reported using rubber dam very occasionally and not as a routine practice. Similar findings were found in Sudan (2%) and among Flemish dentists (3.4%) \[[@B6],[@B8]\]. However, 59% of American dentists \[[@B6]\], 60% of dentists in UK \[[@B13]\] and 57% of general dental practitioners in New Zealand \[[@B14]\] reported using rubber dam routinely in endodontic treatment. The reasons for not using rubber dam could be the extra cost, additional time, lack of adequate skills or training, absence of patient\'s acceptability or inadequate education in the undergraduate teaching curriculum. It was found that continuing education course attendees seem to be encouraged to use rubber dam \[[@B14]\].

In the current survey, most general dental practitioners used hydrogen peroxide and sodium hypochlorite solutions as canal irrigants. The same result was demonstrated amongst dentists in Switzerland \[[@B11]\]. Sodium hypochlorite is recommended as the material of choice for irrigating the root canal system because of its effective antimicrobial and tissue solving action \[[@B15]\]. The selection of irrigant could be associated with the use of rubber dam, as it was found that 70% of rubber dam users among British dentists irrigated with sodium hypochlorite, whilst non-users tended to use local anesthetic solution \[[@B13]\]. The current findings do not mirror these findings. The vast majority of our respondents were non-users of rubber dam and one third of them use sodium hypochlorite routinely. A similar trend toward using sodium hypochlorite as an irrigant despite not using rubber dam for isolation, was noticed amongst Flemish dentists \[[@B16]\]. In the UK, the majority of dentists used local anesthetic solution to irrigate the canal space \[[@B2]\].

The use of either sodium hypochlorite or hydrogen peroxide without isolating the field of operation tightly with a rubber dam presents an obviously hazardous practice in the use of potentially irritant irrigation solutions.

Despite the fact that calcium hydroxide is recognized as the standard intracanal medicament for inter-appointment dressing \[[@B17]\], it was used by only 11.5% of the respondents. More than one third of the general practitioners reported using formaldehyde-containing materials. This finding is consistent with previous findings recorded for Sudanese dentists \[[@B9]\]. Although formaldehyde-containing products have been used for their antimicrobial and fixative properties, they are toxic to periradicular tissues \[[@B18]\] and may have mutagenic and carcinogenic potential \[[@B19]\]. The use of calcium hydroxide, as intracanal medication, should be encouraged among dentists in developing countries such as Jordan, as it is effective against most root canal pathogens and able to denature bacterial endotoxins \[[@B20],[@B21]\]. It has, also, been reported to be the material of choice by dentists in the Western world \[[@B11],[@B22]\].

The step back technique was the most popular canal preparation technique among North Jordanian general dental practitioners. The filing (push-pull) technique, on the other hand, was used by 27.5% of the respondents. In another study, 60.4% of Flemish dentists used the standard filing technique \[[@B16]\]. Generally, dentists in Jordan tended to use hand instruments and were not inclined to use more advanced engine driven techniques for shaping the root canal system.

Almost half of the general dental practioners in North Jordan used cold lateral compaction of gutta-percha to obturate the root canal space. This technique is acknowledged universally and is the most common obturation technique \[[@B4]\]. However, 31.3% of the dentists in the current survey used a single cone technique, in common with 68% of Swiss dentists \[[@B11]\]. Additionally, 12.2% of respondents used only paste to obturate the root canal system. Seemingly, dentists in North Jordan are not strong advocates of the more recently introduced advanced obturation techniques. This may be attributed to additional cost involved or the lack of skill and training.

Conclusions
===========

This study investigated the status of endodontic practice among general dental practitioners working in private offices in North Jordan. It demonstrated that dentists performed procedures which often deviated from well-acknowledged endodontic quality guidelines. Dentists did not use rubber dam for isolation and frequently use formaldehyde-containing materials for inter-appointments dressing. In addition, a significant proportion of dentists (n = 30) did not use radiographs at any stage of endodontic treatment. General practitioners did not seem to keep up with recently introduced techniques, but use more conventional methods.

The North Jordanian general dental practitioners carried out endodontic treatment with few referals to specialists. However, the absence of postgraduate endodontic programs and continuing education courses in addition to economic restrictions could explain why dentists in Jordan do not carry out endodontic treatment in accordance with recognized international standards.
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